Scalar-tensor theory has arbitrary functions of the scalar field in front of the geometric and scalar terms in the Lagrangain. The extent to which these arbitrary functions appear in the Wheeler-deWitt wavefunction of mini-super Robertson-Walker spacetimes is discussed. The function of the scalar field in front of the Einstein-Hilbert action allows a current to be constructed which suggests transfer from matter to geometry of aspects of the wavefunction.
and the Hamiltonians considered here are taken to be of the form
where A, B . . . range over the scale factor and the scalar field. Quantization is achieved via
applying (3) to (2) gived the Wheeler-deWitt equation
Conventions used include signature − + ++, potential V (φ) for the scalar field and potential U (q) for the Wheeler-deWitt potential.
Cosmological constant
The treatment of the next two sections is closest to that in Keifer [2] .
The field equations equations are taken to be
subect to the geometry the Friedman equation is
and the spatial equation is
The velocity Hamiltonian equation iṡ
from which G has one component q = a and
substituting into (2) gives
For the momentum Hamiltonian equation
Thus the Hamiltonian constraint is related to the Friedman equation (10), theq Hamiltonian equation is the relationship between q and Π (8), theΠ Hamiltonian equation is the spatial equation (12).
Quantization of the Hamiltonian constraint gives the Wheeler-deWitt equation (4)
for Λ = 0 (13) has solution
for k − 0 (13) has solution
where BessJ, BessY are Bessel functions. No more solutions have been found for ψ. If one defines a principle function
then there seem to be no relationship between S a and the momentum in particular because there is no velocityȧ in the resulting equations.
Massive scalar field
To extend the treatment of the previous section §2 to include a massive scalar field with stress
first
with an additional momenta
the mini-metric is
and the potential is
now the field equations and Euler equation are
(22) The Hamiltonian equations are as before with the addition
Quantization gives the Wheeler-deWitt equation (4)
transforming to linear null fields A solution for λ = 0 is linear combinations of C + and C − parts is
A solution for m = 0 is linear combinations os C + and C − parts is
.
Scalar-tensor theory
The scalar-tensor action is taken to be
Palatini varying the action and then replacing the non-metric connection with a Christoffel connection gives [5] 
(31) making the cosmological constant explicit the potential is
(31) can be diagonalized by defining
the momenta are
using (35) the Hamiltonian (34) can be written as
from which can be read off the mini-metric
and mini-determinant and mini-curvature
Quantization is implemented as before, assuming no ψR G term and using the variable β = ln(α) gives Wheeler-deWitt equation
First consider the U = 0 separation of variables case, then using C(φ) = A(φ)/B(φ) one ends up with the ordinary differential equation 6C(φ)[C(φ)Φ φ ] φ − Φ = 0, so one can choose a suitably differentiable Φ then there is a C(φ) to satisfy it and in this sense the arbitrariness of scalar-tensor theory follows through. Now consider the case where the potential is just the cosmological constant then
now fix the arbitrary functions with
this choice has vanishing mini-curvature R G = 0, k would normally be close to 1 so as to be close to existing theory so the condition k = 3 is not physically restrictive, now (40) becomes
defining null coordinates 2u = β − φ, 2v = β + φ (42) becomes
which has solution
The current is defined as
for (44) this is
which has size
as (47) is negative the current is timelike perhaps indicating transfer of aspects of the wavefunction from matter to geometry.
Conclusion
Given the complexity of the stress (30), the corresponding Hamiltonian (36) turns out to be surprisingly simple and in general has nonvanishing mini-Ricci scalar (38). For vanishing Wheeler-deWitt potential U = 0 and assuming separation of variables, to a certain extent the arbitrariness of scalar-tensor theory follows through to quantum cosmology. That the wavefunction current (46) is timelike could be considered an indication that an aspect of the wavefunction is moving from matter to geometry however there are at least three problems with this. Firstly there seems to be no indication of transfer in the Born density ρ = ψψ * which is just a constant. Secondly there could be other solutions to (39) with different properties. Thirdly there is no indication so far as to what happens in the corresponding classical picture in particular whether energy is transferred. This mechanism can be thought of as a possible origin of spacetime: for others see [4] 
